[Abstract] Plasmid stability can be measured using antibiotic-resistance plasmid derivatives by positive selection. However, highly stable plasmids are below the sensitivity range of these assays. To solve this problem we describe a novel, highly sensitive method to measure plasmid stability based on the selection of plasmid-free cells following elimination of plasmid-containing cells. The assay proposed here is based on an aph-parE cassette. When synthesized in the cell, the ParE toxin induces cell death.
7. pKD267 plasmid (described in Maisonneuve et al., 2011) 8. pKD46 plasmid (described in Datsenko and Wanner, 2000) 9. Expand High Fidelity DNA polymerase (Roche Molecular Systems, catalog number: 
Procedure
This procedure is only designed to study the stability of plasmids carried by bacterial species able to uptake rhamnose from the medium, and species in which the ParE toxin is functional. This should be considered before trying to adapt this procedure to new species. Although we employed this assay to measure the stability of the virulence plasmid of Salmonella enterica subs. enterica serovar Typhimurium str. SV5015 (Lobato-Marquez et al., 2016), the method is also useful for E. coli plasmids.
A. Design of recombinant plasmid variants 1. Amplify aph-parE cassette by polymerase chain reaction (PCR) using pKD267 plasmid as template and Expand High Fidelity DNA polymerase (~1,800 bp) (see Notes 1 and 2, Table 1 and Figure 1 DpnI digests methylated DNA, thus eliminating the parental pKD267 plasmid but not the amplified aph-parE DNA module.
3. Purify the DpnI-digested PCR reaction using a 5Prime PCR purification kit. Elute DNA in MilliQ water. Alternatively, standard precipitation procedures such as the phenol/chloroform precipitation method, can be used to purify the aph-parE DNA fragment (see Note 3).
4. Concentrate purified-PCR product to 500-800 ng/µl using DNA SpeedVac.
5. Transform the strain containing the plasmid for which the stability is to be analyzed, with pKD46 (see Note 4 and Figure 3 ). Grow the resulting variant in LB containing 50 µg/ml of ampicillin at 30 °C. 9. Confirm the proper integration of the aph-parE cassette in your plasmid using PCR. 2. Collect 1 ml of grown cultures in 1.5 ml Eppendorf tubes.
3. Centrifuge for 1 min at ~10,800 x g at room temperature using a benchtop centrifuge (MiniSpin ® Eppendorf), or an equivalent speed in a different benchtop centrifuge.
4. Discard supernatants and wash bacterial pellets twice with 1 ml of phosphate buffered saline (PBS) pH 7.4 (see Note 9) . Resuspend bacterial pellets in 1 ml PBS.
5. Perform 1:10 serial dilutions using 100 µl of PBS-resuspended bacterial cultures in PBS-containing Eppendorf tubes.
6. Plate 100 µl of the appropriate dilutions onto LB-plates and M9-rhamnose plates by using glass beads. Proper dilution must be adjusted according to the studied plasmid (see Notes 10 and 11). 
Primer design and aph-parE amplification: design oligonucleotides that bind to the aph-parE
region of pKD267 plasmid ( (forward) and downstream (reverse) regions of the desired insertion site, in the 5'-end of the sequence annealing with pKD267 ( Figure 1 , Table 1 ). To test the stability of the plasmid of interest, the aph-parE cassette must be inserted into a region of the plasmid which is not involved in plasmid stability. If testing the contribution of a specific gene to plasmid stability, the aph-parE cassette must be inserted in such a way that the gene of interest is disrupted (preferentially also inactivating the promoter of that gene, to avoid polar effects). When designing the forward 3'-end and reverse 3'-end primers, it is necessary to add the 50 bp homologous to the insertion site (see Figure 1 ).
3. When purifying the aph-parE cassette it is important to remove as much of the salts as possible to prevent interferences with subsequent electroporation.
4. The pKD46 plasmid is a thermo-sensitive plasmid encoding λ-Red recombinase necessary to integrate the aph-parE cassette into the desired region of the plasmid. λ-Red recombinase synthesis is induced in the presence of arabinose. Once transformed with pKD46 plasmid, the resulting recombinant strain must be grown at 30 °C and in the presence of 50 µg/ml of ampicillin until electroporation with the aph-parE fragment.
5. After insertion of aph-parE cassette into the plasmid of interest it is highly recommended to always grow cells in the presence of 0.2% glucose. Glucose represses the PparE promoter and so avoids any possible toxicity derived from ParE synthesis.
6. Stability assay: always grow bacteria in the presence of 50 µg/ml of kanamycin before counting the number of desired generations. This will ensure starting the experiment begins with ~100% bacteria-containing plasmid.
7. If several strains containing different plasmid derivatives are being compared, the researcher should confirm that the growth rate of all strains is the same. Different growth rates mean a different number of bacterial generations and would therefore produce differences in the fraction of segregants.
8. This methodology was used to measure plasmid stability of pSLT plasmid after ~10
generations and was able to detect ~1 segregant in 2 x 10 6 bacteria (Lobato-Marquez et al.,
2016
). Due to the high sensitivity of the described assay we strongly believe that this procedure might be adapted to identify plasmid-free cells in a fewer number of generations.
9. After growing bacterial cultures under selected conditions, culture aliquots must be washed twice with 1 ml of PBS to remove traces of LB medium. M9-rhamnose-agar plates must contain 12. M9-rhamnose plates should not be kept for more than 72 h at 37 °C, except for those bacteria with an extremely low duplication rate. We have observed that ParE toxin activity is more bacteriostatic than bactericidal, meaning that after a long time at 37 °C incubation plasmid-containing cells will grow. To prepare a sterile rhamnose solution (we recommend preparing a 15% stock solution), dilute rhamnose in MilliQ water and filter using a 0.22 µm pore Millipore filter
